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MELPHALAN DERIVATIVES AND THEIR USE AS CANCER CHEMOTHERAPEUTIC - 
DRUGS 

The present invention relates to new melphalan 
derivatives useful as alkylating cancer chemotherapeutic 
drugs . 

BACKGROUND OF THE INVENTION 

Cancer is a major and often fatal disease. 
Accordingly, efforts to develop new therapies for cancer is a 
constantly ongoing effort of the research society. The vast 
majorities of cancers are present as solid tumours, e.g. lung 
cancer, breast cancer, prostate cancer, while the rest are 
hematological and lymphoid malignancies, e.g. leukemias and 
lymphomas . 

Chemotherapy is used in attempts to cure or 
palliate the disease. In most cases this therapy is delivered 
in the form of combination chemotherapy, when two or more 
drugs having different modes of action are used together in 
order to optimise the antitumoural effect and to minimise 
side effects. The results obtained with chemotherapy vary 
. according to tumour type. Some tumours are very sensitive and 
the treatment has then a high probability of leading to cure. 
Examples of this type of tumours are acute leukemias, 
malignant lymphomas, testicular cancer, chorion carcinomas 
and Wilms tumour* In another group of tumours chemotherapy 
can result in good palliation and prolonged survival. 
Examples of such tumours are breast cancer, colo-rectal 
cancer, ovarian cancer, small-cell lung cancer, bladder 
cancer, multiple myeloma, and chronic leukemias of both 
lymphatic and myeloid type. Primary drug resistant tumours 
are for instance malignant glioma, melanoma, prostate cancer, 
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sarcomas and gastrointestinal tumours other than colo- rectal 
cancers . 

Alkylating agents, such as drugs derived from 
nitrogen mustard, that is bis (2-chloroethyl) amine 
derivatives, are used as chemotherapeutic drugs in the 
treatment of a wide variety of neoplastic diseases. These 
drugs all act by covalent interaction with nucleophilic 
heteroatoms in DNA or proteins. It is believed that these 
difunctional agents are able to crosslink a DNA chain within 
a double helix in an intrastrand or inters t rand fashion, or 
to crosslink between DNA and proteins. The crosslinking 
results in inhibitory effects on DNA replication and 
transcription with subsequent cell death. The drugs can be 
used as single agents or in combination with other 
antineoplastic agents . Alkylating agents seem to have some 
propensity for fast growing tissues. They exert effects in a 
broad spectrum of tumours. Side effects are mainly restricted 
to bone marrow and at very high doses also to the 
gastrointestinal tract . 

Melphalan, or p -bis- (2-chloroethyl) - aminophenyl - 
alanine, is a conjugate of nitrogen mustard and the amino 
acid phenylalanine, which was synthesised in the mid 195 0s 
(US-A-3 , 032 , 584) . This classic alkylating substance soon 
became a valuable drug in the chemotherapeutic field and is 
still of importance in the treatment of for example myeloma. 
Melphalan was originally developed as a selective cytotoxic 
agent against melanoma cells, which utilise large amounts of 
phenylalanine in melanin synthesis. Clinical use of melphalan 
in the treatment of metastatic melanomas has, however, had 
limited efficacy. 

In the search for a more selective action on 
malignant cells melphalan analogues have been synthesised. 
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Sarcolysine, m-bis- (2-chloroethyl) aminophenyl alanine, was 
obtained by shifting the. bis- (2-chloroethyl) -amino group from 
the para- to the meta-position of phenylalanine. By covalent 
conjugation of different amino acids at the amino and 
carboxylate groups of sarcolysine a peptide mixture known as 
Peptichemio® (PTC) was prepared. PTC consisted of six 
different peptides (de Barbieri, "Proceedings of the 
symposium on Peptichemio", Milan, November 18, 1372). PTC was 
subsequently shown to be active on several tumour types as 
well as on tumours resistant to treatment with alkylating 
agents including melphalan and entered clinical trials with 
promising results. For the understanding of the effects and 
usage of PTC a serious disadvantage was the fact that it is a 
mixture of six peptides. The cytotoxic effects of each of the 
different peptides contained in PTC were therefore measured 
separately (Lewensohn et al . , Anticancer Research 11: 321-324 
(1991)) and a wide variation in the cytotoxicities of the 
peptides was found. One of the peptides, L-prolyl-m-L- 
sarcolysyl-L-p-f luorophenylalanine ethyl ester hydrochloride 
(P2) turned out to be more toxic to RPMI 83 22 melanoma cells 
than any of the other peptides . 

PRIOR ART 

Lopatin et al . (CA 79:100709, Farmakol . Toksikol . 
(Moscow), 1973, 36(4), 479-480) discloses that administration 
of the melphalan derivatives asaley and astyron inhibited 
sarcoma 45 growth in rats. Astyron, or N-acetyl-L- 
melphalanyl-L~tyrosine ethyl ester, as well as asaley, or N- 
acetyl -L-melphalanyl-L- valine ethyl ester, have an acetylated 
amino group, which generally means that the cytotoxicity of 
the compound to tumour cells has been considerably reduced 
compared to the non acetylated form. 
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Romanova et al.(CA 66:27517, Vopr. Med. Khim, 1966, 
12 (6) , 586-91) refers to. a compound called sarcolysine or 
salin, which according to Western nomenclature should rather 
be named L - me lphalanyl-L- valine . This compound disrupted 
5 oxidative phosphorylation in mitochondria from rat liver 
homogenates and Jensen sarcoma cells. 

There is a slight confusion as to the nomenclature 
of the melphalan derivatives. When, in 1955, a British 
research group reported the synthesis and cytotoxic activity 

10 of a phenylalanine derivative substituted with a bis- (2- 

chloroethyl) amino group in the para-position of the aromatic 
ring, the DL, L and D isomers were named merphalan, melphalan 
and medphalan, respectively. A Russian group at the same time 
independently named the racemic form (DL) of 4- [bis- (2- 

15 chloroethyl amino) ] -phenylalanine sarcolysine. Later the term 
sarcolysine started to be used also for the meta- 
phenylalanine mustard. This name confusion has continued, but 
today melphalan and sarcolysine are normally used for the 
para- and meta-derivatives , respectively. 

20 Kupczyk-Subotkowska et al . (Journal of Drug 

Targeting, 1997, 4(6), 359-370) discloses derivatives of 
melphalan designed to enhance the accumulation of melphalan 
into cancer cells. A number of dipeptides comprising 
melphalan and valine or glutamic acid were tested and it was 

25 concluded that the cellular uptake of said dipeptides as well 
as of their esters probably took place via passive diffusion 
rather than by an amino acid or oligopeptide transporter. 

One problem with the usage of bi functional 
alkylating agents is primary, i.e. intrinsic, and secondary, 

30 i.e. acquired, tumour resistance to the treatment. Attempts 
have been made to circumvent resistance by increasing the 
dose of alkylating agent administered to the patient. It is, 
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however; unclear how much this increases the effective dose 
at the tumour cell level. 

There is an urgent need for new antitumour drugs in 
a wide variety of tumour diseases, especially in tumours 
showing primary resistance to conventional therapy, and/or in 
tumour diseases that have developed resistance, secondary 
resistance, after having responded to treatment with 
conventional cancer chemo therapeutics . 

SUMMARY OF THE INVENTION 

The object of the invention is to provide a 
melphalan derivative having an improved cytotoxic activity in 
human tumour cells. 

The invention refers to dipeptides and tripeptides 
containing a melphalan unit, and one or two additional amino 
acids or amino acid derivatives, to the use of said peptides 
as medicaments, and to pharmaceutical compositions comprising 
the peptides of the invention for use as medicaments, 
especially for the treatment of various malignant tumours. 

The melphalan derivatives of the invention exhibit 
an increased efficacy on a variety of tumour types. The 
hypothesis of the inventors is that the tumour cell uptake 
and intracellular accumulation of the peptides of the 
invention will be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the chemical formulas of the known 
compounds melphalan, sarcolysine and P2 , as well as the 
formulas of the compuonds of the invention Jl, J3 , and JV2 8. 

Figure 2 shows a comparison of IC50s for melphalan, 
Jl and P2 in 2 7 human tumour samples. 
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DESCRIPTION OF THE INVENTION 

The present invention relates to new peptides of 
phenylalanine mustard comprising p- [bis (2 -chloroethyl) amino] - 
L-phenylalanine mustard, L-PAM, and p- [bis (2-chloroethyl) - 
amino] -D -phenyl alanine mustard, D - P AM , covalently linked to 
one or two amino acids or amino acid derivatives forming 
alkylating di- or tripeptides . The L-forms are, however, 
preferred. 



derivatives, and especially to a di- or tripeptide having the 
formula I 



wherein R x is alkyloxy, cycloalkyloxy 7 aryloxy, arylalkyloxy, 



wherein R 3 is independently NH 2 , OH, O-alkyl, N-alkyl, O- 
acyl, NH-acyl, N (CH 2 CH 2 C1) 2 , N0 2 , F, CF 3 or H, and n is 1 or 2; 
X is 



The present invention refers to new melphalan 




(I) 



NH 2/ alkylamino, cycloalkylamino or arylamino; 
R 2 is 




(IV) 




O 



(II) 



wherein R 5 is H; 



WO 01/96367 



PCT/SE01/01318 



R 4 is a natural or modified cyclic or aromatic amino acid, or 
H; as well as pharmaceutically acceptable salts thereof. 

In said formulas alkyl preferably is a lower alkyl, 
that is alkyl having 1-4 carbon atoms. 
5 If n in the formula I is 1 , the substituent R 3 can 

be in ortho-, meta- or para-position. If n is 2, the two 
substituents R 3 can be the same or different. 

Natural amino acids refers to amino acids that are 
normally existing and exerting their functions in living 
10 organisms. Modified amino acids refers to amino acids that in 
some way have been modified into a different chemical 
structure and chemical composition than a natural amino acid. 
An example of a natural cyclic amino acid is proline. 
Examples of aromatic amino acids are phenylalanine, tyrosine, 
15 tryptophan, and histidine. 

The N~ terminus of the melphalan molecule should 
preferably not be protected as amide or carbamate, this means 
that R 4 should preferably not be a protecting group, such as 
formyl, acetyl or propionyl, or benzoyl, as the protected 
20 form of the compound in general has a lower cytotoxic 
activity than the corresponding free form. 

Pharmaceutically acceptable salts are for instance 
acid addition salts, such as salts of HC1, HBr, and methane 
sulphonic acid. 

25 A preferred di- or tripeptide of the invention has 

the formula V 
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CI 




(V) 

wherein R x is alkyloxy, cycloalkyloxy 7 aryloxy, arylalkyloxy , 
NH 2 , alky 1 amino , cycloalkylamino or arylamino; 
5 R 3 is NH 2/ OH, O-alkyl, N-alkyl, O-acyl, NH-acyl, N (CH 2 CH 2 C1) 2 , 
NQ 2/ F, CF 3 or H; and 

R 4 is a natural or modified cyclic or aromatic amino acid, or 
H; as well as pliarmaceutically acceptable salts thereof. * 

A specially interesting group of peptides in 
10 accordance with the invention are peptides of the formula I 
or V, wherein R 3 is F. 

Dipeptides in accordance with the invention are 
peptides of the formula I or V, wherein R x is alkyloxy; R 3 is 
F, CF 3/ H, OH, O-alkyl, NC 2/ N (CH 2 CH 2 C1) 2 , NH-acyl or NH 2 ; and 
15 R 4 is H. 

Examples of preferred dipeptides are L-melphalanyl- 
p-L-fluoro -phenylalanine ethyl ester («J1) , L-melphalanyl-p-L~ 
f luoro -phenylalanine isopropyl ester (0V2 8) , and 
pharmaceutically acceptable salts thereof. 
20 Tripeptides in accordance with the invention are 

peptides of the formula I or V, wherein R 2 is alkyloxy; R 3 is 
F, CF 3 , H, OH, O-alkyl, NH-acyl, N0 2/ N(CH 2 CH 2 C1) 2 or NH 2 ; and 

« ■ 

R 4 is a natural or modified cyclic or aromatic amino acid. 

An example of a preferred tripeptide is L-prolyl-L- 
25 melphanalyl-p-f luorophenylalanine ethyl ester (J3) , and 
pharmaceutically acceptable salts thereof. 
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» 

All dipeptide derivatives of the invention can be 
synthesised from tert .butoxycarbonyl (Boc) -protected 
melphalan. The coupling of Boc~melphalan to different esters 
or amides was performed using either (benzotriasol-1- 
yloxy) tripyrrolidino-phosphonium hexaf luorophosphate 
(PyBOP) /tri ethyl amine or 1~ [3 -dimethylamino) propyl] -3 
ethyl carbodiimide hydrochloride (EDC) /N-methylmorpholine 
(NMM) /1-hydroxybenzotriazole (HOBt) as coupling reagents. 
Purification procedures using silica gel chromatography 
allowed the isolation of pure products. Removal of the Boc- 
group was performed in HC1 saturated ethyl acetate. The 
dipeptide hydrochloride salts were purified by 
recrystallisation in ethanol/diethyl ether. 

In the synthesis of tripeptide derivatives Boc- 
protected amino acids were coupled to the melphalan 
containing dipeptide derivative using EDC / NMM / HOBt as 
coupling reagents. Deprotection using HC1 saturated ethyl 
acetate followed by recrystallization (EtOH/diethyl ether or 
EtOAc/diethyl ether) allowed the isolation of pure tripeptide 
hydrochloride salts . 

The invention also refers to the ; use of a peptide 
as described above as a medicament, as well as for the 
manufacture of a medicament for treatment of malignant 
tumours . 

The alkylating peptides of the invention were found 
to display a broad spectrum of activity with increased 
potency compared to melphalan and L~prolyl-L-sarcolysyl-p~L- 
fluor ©phenylalanine ethyl ester (P2) on tumour cell lines of 
different histologies and also on tumour cell lines that 
display L-PAM resistance. Moreover, the alkylating peptides 
were found to be significantly more effective compared to 
melphalan and P2 on freshly obtained human tumour samples of 
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different origin, both hematological and solid, as shown in 
the examples given below-. 

The peptides of the invention may be used as first 
line treatment, either alone or in combination with other 
drugs or concomitant or sequenced with radiotherapy, of the 
following tumour diseases and/or stages of the respective 
disease : 

(I) Solid tumours: for operable breast cancer as neoadjuvant 
or adjuvant treatment as well as for the treatment of 
advanced inoperable breast cancer, for small cell lung cancer 
of LD (Limited Disease) or ED (Extensive Disease) type, for 
operable stages of non-small ceil lung cancer as neoadjuvant 
treatment , for inoperable stage III B or IV of non- small cell 
lung cancer, for operable (neoadjuvant) and inoperable head 
and neck cancer and esophageal cancer, for operable ovarian 
cancer as adjuvant treatment and for advanced ovarian cancer, 
for advanced cervical cancer, for squamous cell and basal 
cell carcinoma of the skin which is non-amendable to surgery 
or radiotherapy and for neuroblastoma. The above mentioned 
tumour types represent (1) tumours, which have shown 
sensitivity to treatment with alkylating agents, but in which 
this conventional therapy is not efficient enough, or (2) 
tumours that frequently relapse after a first remission and 
at that stage show less sensitivity to conventional therapy 
(resistance) . Other groups of tumours which would be 
reasonable to treat with the new peptides are different \ 
stages of bladder cancer, advanced prostate cancer, malignant 
melanoma, colo-rectal cancer and soft tissue sarcomas where 
palliative results frequently have been obtained with 
alkylating agents. Still another group of tumours to treat 
are the generally drug resistant tumours like renal cancer 
and brain tumours . 
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(II) Hematological and lymphatic tumours: multiple myeloma, 
high and low grade lymphomas, Mb.Hodgkin, chronic lymphocytic 
leukemia, acute myelogenous or lymphocytic leukemia and 
chronic myelogenous leukemia. 
5 Another object of the invention is a pharmaceutical 

composition for the treatment of malignant tumours, which 
comprises at least one peptide as described above together 
with at least one pharmaceutically acceptable carrier and/or 
excipient . 

10 A pharmaceutical composition according to the 

invention can be used for the treatment of breast cancer, 
lung cancer, ovarian cancer, leukemias, lymphomas and 
multiple myeloma. 

The pharmaceutical compositions are prepared in a 

15 manner known to a person skilled in the pharmaceutical art. 

The carrier or the excipient could be a solid, semi-solid or 
liquid material that could serve as a vehicle or medium for 
the active ingredient. Suitable carriers or excipients are 
known in the art. The pharmaceutical composition could be 

20 adapted to parenteral, oral or topical use and could be 

administered to the patient as tablets, capsules, solutions, 
suspensions, ointments or the like. 

For parenteral administration the peptides 
according to the invention can be incorporated into a 

25 solution or suspension. Parenteral administration refers to 

the administration by injection, for Instance by intravenous, 
intracapsular , intrathecal , intrapleural , intratumoral , or 
intraperitoneal injection or intravesically . Intravenous 
administration is preferred. Bone marrow may also be treated 

30 ±xi vitro. The pharmaceutical composition should contain at 

least 0.001% by weight of an active peptide ' according to the 
invention, preferably 0.1-10% by weight. 
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The solutions or suspensions could also comprise at - 
least one of the following adjuvants: sterile diluents such 
as water for injection, saline, fixed oils, polyethylene 
glycols, glycerol, propylene glycol or other synthetic 
5 solvents, antioxidants such as ascorbic acid or sodium 

bisulfite, buffers such as acetates, citrates or phosphates, 
and agents for adjustment of the tonicity such as sodium 
chloride or dextrose. The parenteral preparation could be 
enclosed into ampoules, disposable syringes or multiple 

10 dosage vessels made of glass or plastic. 

For intravenous injection, the pharmaceutical 
composition of the invention may be administered by means of 
two vials, whereby vial I comprises the peptide as a 
hydrochloric salt, with and without a carrier or compound 

15 that increases solubility or effects the stability, and vial 
II comprises a mixture of propyl englycol / ethanol . The peptide 
will be dissolved immediately prior to the administration and 
mixed with 5 % glucose or saline. The dose given might be in 
the range of 0.1 mg/kg - 1 mg/kg given as a short infusion. 

20 For topical administration the peptides according 

to the invention could be incorporated into a solution, 
suspension, or ointment. Said compositions could contain at 
least 0.1% by weight of the active peptide, preferably 0.1- 
10% by weight. 

25 Another object of the invention is a method for the 

treatment of malignant tumours in a subject in need thereof, 
comprising administrating a pharmaceutically effective dose 
of a peptide described above. Subject refers to any mammal, 
preferably a human . 



30 
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EXAMPLES - Syntheses of compounds 

In tiie following examples of synthesis of melphalan 
derivatives of the invention, as well as comparative 
compounds, all solvents were of analysis or synthesis grade. 
1-Hydroxybenzotriazole, HOBt; N-methylmorpholine , 3SHVJM; and/or 
1- [3- (dimethyl amino) propyl] -3 -ethylcarbodiimide 
hydrochloride, EDC ; or (benzotriazol-l-yloxy) -tripyrrolidino- 
phosphonium hexaf luorophosphate, PyBOP; and tri ethyl amine 
were used as coupling reagents. Melting points were measured 
in a Biichi Melting Point B-540 apparatus. 1 H- and 13 C NMR- 
spectra were obtained on a JEOL GTSJM-EX 400 MR- spectrometer . 
^-H- spectra were recorded at 4 00 MHz and 13 C- spectra at 10 0 
MHz, respectively. The reactions were monitored by thin- layer 
chromatography (TLC) , on silica plated aluminum sheets 
(Silica gel 60 F254, E. Merck), detecting spots by UV-light 
and/or 2 % ninhydrin in ethanol followed by heating. Column 
chromatography was performed on wet packed silica (Silica gel 
60 (0,040-0,063 mm), E. Merck) using flash chromatography. 

The L-melphalan used as a starting compound was 
obtained from Sigma and was recrystallised from ethanol prior 
to use. The intermediate iV-tert-butoxycarbonyl ^L-melphalan 
was synthesised according to Pai, N.N.; Miyawa, J.H.; Perrin, 
J.H. . Drug Dev. Industr. Pharm . 1996, 22, 181-184. L- 
Melphalan (500 mg, 1.64 mmol) was dissolved in 50% aqueous 
THF (5 ml) and triethylamine (2 01 |al, 1.44 mmol) was added. 
The solution was cooled to 0°C and di- tert-dibutyl- 
di carbonate (210 mg, 0.9 6 mmol) dissolved in THF (3 ml) was 
added dropwise. The solution was stirred for 3 0 min at 0°C 
and then for IS h at room temperature (RT.) . The solvent was 
evaporated off and water was added and the solution was 
acidified to pH 5 with 10% citric acid. After extraction 
three times with ethyl acetate the combined organic extract 
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was dried over MgS0 4 . The solvent was " evaporated off and the 
residue was purified by flash chromatography on silica using 
chloroform: methanol in 3:1 and 19:1 as eluents affording 4 8% 
of a pure product. X H NMR (CDC1 3 ) 5 7 . 05 (d, 2H, Ph-H) , 6.58 
5 (d, 2H, Ph-H), 4.98 (br s, 1 H, NH) , 4.47 (br s, 1 H, a-H) , 

3.69-3.49 (m, 8H, 4 CH 2 -mustard) , 3.12-2.91 (m, 2H, CH 2 -Ph) , 
1.40 (s, 9H 7 CH 3 -Boc) . 

Example 1. L-Melphalanyl -Xi-jp- fluorophenylalanine ethyl ester 
10 hydrochloride (Jl) 

L-p-Fluorophenylalanine (217 mg, 1.18 mmol) was 
dissolved in EtOH (5ml) previously bubbled with HC1 . The 
reaction was brought to 10 0°C and was allowed to reflux for 
18 hours. The solvent was evaporated off and the product was 
15 dried under high vacuum, affording L-p-f luorophenylalanine 

ethyl ester hydrochloride as dry white crystals (98%) NMR: 
(CD3OD) 5 7.30-7.26 (m, 2H, Ph-H) , 7.13-7.06 (m, 2H, Ph-H) , 

4.29-4.22 (m, 2H, CH 2 -Ph) , 3.31-3.10 (m, 3H, CH 2 CH 3/ a-H), 
1.24 (t, 3H, CH 2 CH 3 ) . 

20 N- tert-Butoxycarbonyl-L-melphalan (157 mg, 0.387 

mmol) was dissolved in dichloromethane (4 ml) . PyBOP (201 mg, 
0.3 87 mmol) and triethylamine (54p,l, 0.3 87 mmol) were added 
and the solution was stirred at room temperature for lh. A 
solution of L-p-f luorophenylalanine ethyl ester hydrochloride 

25 (92 mg, 0.387 mmol) and triethylamine (54 jlxI, 0.387 mmol) in 

dichloromethane (4ml) was added and the reaction was stirred 
over night. The reaction was stopped by extraction with 
saturated NaHC0 3 followed by 10% citric acid. The organic 
layer was dried by MgS0 4 and the solvent evaporated to give 

30 2 00 mg of a yellow oil which was purified by gradient column 

chromatography using ether : pentane (1:2, 1:1, 1:0) as eluent . . 
to afford 102 mg (43 % yield) of N- tert-butoxycarbonyl-L- 
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melphalanyl-L~p-f luorophenylalanine ethyl ester which was 
used in the next step without further purification. 

N- 1 art - But oxy carbony 1 -L- me Iphal any 1 -L-p- 
f luorophenylalanine ethyl ester (64 mg, 0.11 mmol) was 
dissolved in 5 ml EtOAc previously bubbled with HC1 (gas) . 
The mixture was stirred at RT for 3 0 minutes. The solvent was 
removed in vacuo. The residue was recrystallized from 
EtOH/Et 2 0 . L-Melphalanyl-L-p-f luorophenylalanine ethyl ester 
hydrochloride (CT1) was isolated as white crystals. 

* 

1 H NMR: (CD 3 OD) 5 7.23 (d, 2H, Ph-H, Phe) , 7.13 (d, 2H, Ph-H, 
Phe) , 7.01 (d, 2H, Ph-H, Mel), 6.72 • (d, 2H, Ph~H, Mel) , 4.68 
(dd, 1H, a-CH, Phe), 4.61 (br s, 1H, a-CH, Mel), 4.12 (q, 
2H, CH 2 CH 3 ) , 3 .80-3.62 (m, 8H, CH 2 -mustard) , 3.22-2.86 (m, 4H, 
CH 2 -Ph) , 1.21 (t, 3H, CH 2 CH 3 ) . 

Elemental analysis CHN 53.7;5.8;7.9 (calculated 54 . 1; 6 . 1 ; 7 . 9) 

Example 2 . L-Prolinyl-L-melphalanyl-L-p-f luorophenylalanine 
ethyl ester hydrochloride (J3) 

N- fcert-Butoxycarbonyl-L-proline (12 mg, 0.054 
mmol) L-melphalanyl-L-p-f luorophenylalanine ethyl ester 
hydrochloride (24 mg, 0.045 mmol), HOBt (8 mg, 0.054 mmol), 
and NMM (7 \il , 0.045 mmol) were dissolved in dichloromethane 
(5 ml) . The solution was cooled to 0°C and EDC hydrochloride 

.F 

(11 mg, 0.045 mmol) was added. The solution was stirred for 
lh at 0°C and then overnight at RT. The reaction mixture was 
diluted to 10 ml with dichloromethane and the reaction 
stopped by successive extractions with 10% aqueous citric 
acid, saturated NaHC0 3 and brine. The organic phase was dried 
over anhydrous Na 2 S0 4 and the solvent evaporated off under 
reduced pressure to afford 27 mg (86%) Itf- tert-butoxycarbonyl- 
L-prolinyl-L-melphalanyl-L-p- f luorophenylalanine ethyl ester 
that was used in the next step without further purification. 
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2 H NMR (CDCI3) 5 7.08-6.89 (m, 6H, Ph-H, Phe, Mel), 6.67 (br 
s, 1H, NH) , 6.55 (d, 2H,.Ph-H), .6.24 (br s, 1H, Nil), 4.72 (m, 
1H, a-CH) , 4.55 (br s, 1H, a-CH) , 4.20 (br s, IK, a-CH) , 
4.10 (q, 2H, CH 2 CH 3 ) , 3.74-3.54 (m, 8H, CH 2 -mustard) , 3 .42- 
3.20 (m, 2H, proline 5), 3.10-2.86 (m, 4H, CH 2 -Ph) , 2.20-1.74 
(m, 4H, proline $ r Y), 1-40 (s, 9H, CH 3 -Boc) , 1.18 (t, 3H, 

N- tert-Butoxycarbonyl-L-prolinyl-L-melphalanyl-L-p- 
f luorophenyl alanine ethyl ester (2 5 mg) was dissolved in HC1 
saturated ethyl acetate (3 ml) . The mixture was stirred at RT 
for 3 0 minutes. The solvent was removed in vacuo. 
Recrys tall izat ion from ethyl acetate and diethyl ether 
yielded pure J3 as off-white crystals in 94% yield 
(calculated from L-melphalanyl-L-p-f luorophenyl alanine ethyl 
ester hydrochloride) . 

X H ISIMR (CD3OD) 5 7.26-6.94 (m, 6H, Ph-H, Phe, Mel), 6.68 (d f 
2H, Ph-H) , 6.24 (br S, 1H, NH) , 4.62-4.55 (m, 2H, a-CH), 

4.20-4.05 (m, 3H, a-CH, CH 2 CH 3 ) , 3 .74-3.54 (m, 8H, CH 2 - 
mustard) , 3.25-2.75 (m, 6H, CH 2 -Ph, proline 5), 2.40-1.85 (m, 
4H, proline 0,y)-/ 1-23 (t, 3H, CH 2 CH 3 ) . 

Example 3 . L-Melphalanyl-L-plxenylalanine ethyl ester 
hydrochloride (JV22) 

JST- 1 ert - Bu t oxy carbony 1 - L - melphal an (150 mg; 0 .37 
mmol) was dissolved in 2.6 ml dichlorome thane . PyBOP (199 mg; 
0.38 mmol) and triethylainine. (104 /xl; 0.75 mmol) were added. 
After stirring at RT for 3 0 minutes a solution of 
triethylamine (104 /xl; 0.75 mmol) and phenylalanine ethyl 
ester hydrochloride (89 mg; 0.3 9 mmol) in 2.6 ml 
dichlorome thane was added. After 4 h at RT the reaction was 
quenched. Dichlorome thane was added up to a total volume of 
2 0 ml before extraction with 2 0 ml saturated aqueous NaHC0 3 
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and 2 0 ml 10 % citric acid. The organic layer was dried 
(MgS'0 4 ) , filtered and concentrated in vacuo. The crude 
product was purified by column chromatography on silica using 

a gradient of ether rpentane (2:1 -> 3:1); followed by ether 
and thereafter by CHCl 3 :MeOH (19:1) as eluents. Collection 
and concentration of adequate fractions gave pure I\T-te.rt- 
butoxycarbonyl-L-melphalanyl-L-phenylalanine ethyl ester as a 
white solid (110 mg, 51 %) . Mp : 117-120°C. 

X H NMR (CDC1 3 ) 5 7.29-7.16 (m, 3H, Ph-H, Phe) , 7.06-6.95 (m, 
4H, Ph-H), 6.57 (d, 2H, Ph-H Mel) , 6.28 (br s, 1H, NH, Phe), 
4.92 (br s, 1H, NH, Mel), 4.76 (br s, 1H, a-CH, Phe),' 4.26 
(br s, 1H, a-CH, Mel), 4.10 (q, 2H, CH 2 CH 3 ) , 3.74-3.50 (m, 
8H, CH 2 -mustard) , 3.12-2.84 (m, 4H, CH 2 -Ph) , 1.40 (s, 9H, CH 3 - 
Boc) , 1.18 (t, 3H, CH 2 CH 3 ) . 

13 C NMR (CDC1 3 ) 5 171.05 (2 C:s) (C=0 amide and ester), 155.10 
(C=0, Boc) , 145.10 (C-4"), 135.84 (Ph) , 130.75 (2 C:s), 
129.39 (2 C:s), 128.54 (2 C:s) (Ph and C-3"), 127.13 (Ph) , 
125.07 (C-l**), 112.27 (2 C:s) (C-2^), 79.82 (C-Boc), 61.54 
(CH 2 CH 3 ), 55.51 (a-CH), 53.55 (2 C:s) (N-CH 2 ), 53 .32 (a-CH), 
40.51 (2 C:s) (CH 2 -C1), 38.13, 36.73 (CH 2 -Ph), 28.35 (3 C:s) 
(CH 3 -Boc) , 14.17 (CH 2 CH 3 ) . 

N-tert- Butoxycarbonyl-L-melphalanyl-L-phenylalanine 
ethyl ester (100 mg; 0.17 mmol) was dissolved in 6 ml HC1 
saturated ethyl acetate. The mixture was stirred at RT for 3 0 
minutes. The solvent was removed in vacuo . Recrystallization 
from ethyl acetate and diethyl ether yielded pure JV22 (37 
mg; 42 %) as a slightly yellowish/brownish solid. Mp: 123-125 
°C. . 

1 H NMR (CDC1 3 ) 5 7.31-7.13 (m, 7H, Ph-H) , 6.72 (d, 2H, Ph-H, 
Mel), 4.73-4.66 (m, 1H, a-CH- Phe) , 4.12 (q, . 2H, CH 2 CH 3 ) , 
3.99-3.92 (m, 1H, a-CH, Mel), 3.77-3.64 (m, 8H, ■ CH 2 -mustard) , 
3.20-2.85 (m, 4H, CH 2 -Ph) , 1.18 (t, 3H, CH 2 CH 3 ) . 
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NMR (CDCI3) 5 171,05, 168 .42 (C=0 in amide and ester), 
145.96 (C-4^), 136.55 (Ph) , 130.43 (2 C:s) (C-3"), 128.90 (2 
C:s), 128.27 (2 C:s) # 126.10 (Ph) , 122.35 (C-l"), 112.58 (2 
C:s) (C-2"), 61.23 (CH 2 CH 3 ) , 54.29, 54.25 (a-C£T) , 53.06 (2 
C:s) (N-CH 2 ), 40.26 (2 C:s) (CH 2 -C1) f 37.12, 36.29 (CH 2 -Ph) , 
13 . 10 (CH 2 CH 3 ) . 

Example 4^ L-Melphalanyl-L- tyrosine ethyl ester hydrochloride 
(JV24) 

JNT- t er t - But oxy carbonyl - L - me Iphal an (150 mg; 0,37 
iranol) was dissolved in' dichlorome thane (3 ml) . PyBOP (199 mg; 
0.3 8 mmol) and triethylamine (104 /jlI; 0.75 mmol) were added. 
After stirring at RT for 3 0 minutes a solution of 
triethylamine (104 /zl; 0,75 mmol) and tyrosine ethyl ester 
hydrochloride (94 mg; 0.38 mmol) in 3 ml dichlorome thane was 
added. After 100 min stirring at RT the reaction was 
quenched. Dichloromethane was added up to a total volume of 

2 0 ml before extraction with 2 0 ml saturated aqueous NaHC0 3 
and 2 0 ml 10 % citric acid. The organic layer was dried 
(MgS0 4 ) , filtered and concentrated In -vacuo. The crude 

product was purified four times by column chromatography on 
silica using a gradient eluent systems of ether rpentane (2:1 

~> 4:1 -> 1:0) followed by CHCl 2 :MeOH (19:1 -> 97:3) . Pure N- 
ter*t-butoxycarbonyl-L-melphalanyl-L- tyrosine ethyl ester was 
isolated as a colorless oil (59 mg; 27 %) . 

X H NMR (CDCI3) 5 7.05-6.92 (m, 2H, Ph-H -Mel) , 6.86-6.74 (m, 
2H, Ph-H-Phe) , 6.67 (d, 2H, Ph-H, Phe) , 6.59-6.43 (m, 2H, Ph- 
H, Mel), 6.42-6.36 (m, 1H, NH, Phe), 5.00 (br s, 1H, NH, 
Mel), 4.81-4.70 (m, 1H, a -Off, Phe), 4.26 (br s, 1H, a-CH, 
Mel), 4.12 (q, 2H, CH 2 CH 3 ) , 3 .70-3.53 (m, 8H, CH 2 -mustard) , 
3.03-2.85 (m, 4H, CH 2 -Ph) , 1.39 (s, 9H, CH 3 -Boc) , 1.21 (t, 

3 M , CH 2 C£f 3 ) . 
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ISJMR (CDCI3) 5 171.21 (2 C:s) (C=0 in amide and ester) , 
155.31 (2 C:s) (C=0 Boc and C-4"), 144.96 (C-4") , 130.70 (2 
C:s), 130.47 (2 C:s) (Ph and C-3"), 127.12 (Ph) , 125.21 (C- 
1"), 115.52 (2 C:s) (Ph) , 112.31 (2 C:s) (C-2"), 80.09 (C- 
Boc), 61.61 (CH 2 CH 3 ) , 55.84 (a-CH) , 53.56 (2 C:s) (N-CH 2 ) , 
53.25 (a-CH) , 40.55, 40.50 (CH 2 -C1), 37.32 (2 C:s) (CH 2 -Ph), 
28.36 (3 C:s) ( CH 3 -Boc) , • 14 . 22 (CH 2 CH 3 ) . 

iV- 1 ert - But oxycarbonyl - L - me Iphal any 1 - L - tyro s ine 
ethyl ester (48 mg; 81 fimol) was dissolved in 4 ml HC1 
saturated ethyl acetate. The mixture was stirred at RT for 3 0 
minutes. The solvent was removed in vacuo. Recrystallization 
from ethyl acetate and diethyl ether yielded the pure JV24 
(13 mg; 30 %) as a slightly brownish solid. Mp : 150-154°C. 
X H MR (CDCI3) 5 7.16-6.86 (m, 4H, Ph-H) , 6.75-6.65 (m, 4H, 
Ph-H) , 4.68-4.59 (m, 1H, a-CH, Phe) , 4.13 (q, 2H 7 CH 2 CH 3 ) , 
4.02-3.94 (m, 1H, a-CH, Mel), 3.77-3.60 (m, 8H, CH 2 - mustard ) , 
3.21-2.71 (m, 4H, CH 2 -Ph) , 1.20 (t, 3H, CH 2 CH 3 ) . 
13 C ISiiyiR (CDCI3) 5 170. 94, 168 . 08 (C=0 in amide and ester), 
156.12 (C-4~), 145.68 (C-4"), 130.41 (2 C:s), 129.68(2 C:S), 
127.03, (Ph and C-3"), 125.86 (C-l"), 114.98 (2 C:s) (Ph) , 
112.34 (2 C:s) (C-2"), 60.80 (CH 2 CH 3 ), 54.48, 54.27 (a-CH), 
53.07 (2 C:S) (N-CH 2 ) , 40.19 (2 C:s) (CH 2 -C1), 36.32 (2 C;s) 
(CH 2 -Ph), 12.64 (CH 2 CH 3 ) . 

Example 5. L - Me lphal any 1 - L - p - me thoxypheny 1 al anine ethyl ester 
hydrochloride (JV25) 

N~ tert-Butoxycarbonyl-L- tyrosine ethyl ester (22 8 
. mg; 0.74 mmol) was dissolved in 15 ml acetone, and K 2 C0 3 (123 
mg, 0.89 mmol) was added. Dimethyl sulfate (77.5 jul; 0.81 
mmol) was carefully added and the solution was refluxed for 
2 0 h. Solid K 2 CQ 3 was removed by filtration arid the acetone 
was removed in vacuo. Purification by column chromatography 
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on silica using CHC1 3 : MeOH : heptane (4:1:5) as eluent yielded 
214 mg (90 %) of J\J"~fcejrt-butoxycarbonyl-L-p-methoxyphenyl- 
alanine ethyl ester . as a clear oil . This intermediate was 
used in the next step without further characterization. 
5 N- fcert-Butoxycarbonyl-L-p-methoxyphenylalanine 

ethyl ester (165 mg; 0.51 mmol) was dissolved in CHC1 3 (8.5 
ml) and iodotrimethylsilane (168 /z; 1.22 mmol) was added* The 
solution was stirred for 4 0 min at RT. The reaction was 
quenched by addition of MeOH (175 4,3 mmol). The solvent 

10 and excess iodotrimethylsilane were removed in vacuo to yield 
16 9 mg (149 %) of the crude produot (L-p-methoxyphenylalanine 
ethyl ester) as a brown- orange solid which was used in the 
next step without further purification. X H NMR (CD 3 0D) 5 7.16 
(d, 2H, Ph-H) , 6.90 (d, 2H, Ph-H) , 4.28-4.18 (m, 3H, CH 2 CH 3f 

15 a-CH) , 3.78 (s, 3H ; OCH 3 ) , 3.21-3.08 (m, 2H, CH 2 -Ph) , 1.24 

* 

( t / 3 H / CH 2 C! H 3 ) . 

N- tert-Butoxycarfoonyl-L-melphalan (150 mg; 0,37 
mmol) was dissolved in 3 ml dichloromethane . PyBOP (199 mg; 
0.38 mmol) and triethylamine (104 ptl; 0.75 mmol) were added. 

20 After stirring at RT for 3 0 minutes a solution of 

triethylamine (104 /xL; 0,75 mmol) and L-p-methoxyphenyl- 
alanine (124 mg; 0.55 mmol) in 3 ml dichloromethane was 
added. The solution was stirred at RT over night. 
Dichloromethane was added up to a total volume of 20 ml 

25 before extraction with 2 0 ml saturated aqueous NaHC0 3 and 2 0 
ml 10 % citric acid. The organic layer was dried (MgS0 4 ). / 
filtered and concentrated in vacuo. The crude product was 
purified four times by flash column chromatography on silica, 
twice with ether : heptane (3:1). and twice with CHCl 3 :MeOH 

30 (19:1) as eluent s, to yield j\r- tert-butoxycarbonyl-L- 

melphalanyl -L-p-methoxyphenylalanine ethyl ester as a white 
solid (150 mg; 66 %) . Mp : 125-127. 5°C. 



WO 01/96367 PCT7SE01/01318 

1 H NMR (CDCI3) 5 7.06 (d, 2H, Ph-H, Mel), 6.90 (d, 2H, Ph-H, 
Phe) , 6.16 (d, 2H, Ph-H, . Phe) , 6.59 (d, 2H, Ph-H, Mel), 6.31 
(br s, 1H, NH, Phe), 4.97 (br s, 1H, NH, Mel), 4.71 (br s, 

1H # a-CH, Phe), 4.27 (br s, 1H, a-CH, Mel), 4.10 (q, 2H, 
CH 2 CH 3 ) , 3.75 (s, 3H, OCH 3 ) , 3.69-3.56 (m, 8H, CH 2 -mustard) , 
3.00-2.85 (m, 4H, CH 2 -Ph) , 1.40 (s, 9H, CH 3 -Boc) , 1.19 (t, 
3 H , CH 2 CH 3 ) . 

13 C NMR (CDCI3) 5 171.11, 170.91 (C=0 in amide and ester), 
158.72 (C-4 "") , 155.30 (C=0, Bog) / 145.03 (C-4"), 130.76 (2 
C:s), 130.39 (2 C:s), (Ph and C-3"), 127.75 (Ph) , 125.36 (C- 
1")', 113.96 (2 C:s) (Ph) , 112.28 (2 C:s) (C-2"), 80.12 ( C- 
Boc) , 61.50 (CH 2 CH 3 ) , 55.81 (a-CH), 55.27 (OCH 3 ) 53.55 (2 C:s) 
(N-CH 2 ) , 53.46 (a-CH) , 40.52 (2 C:s) (CH 2 -C1), 37.33, 37.23 
(CH 2 -Ph), 28.34 (3 C:s) (CH 3 -Boc), 14.20 (CH 2 CH 3 ) . 

W - tert -Bu t o Xy car b on y l- L - me l Jitl alan y l- 1 -p- 
me thoxyphenyl alanine ethyl ester (140 mg; 0.23 mmol) was 
dissolved in 17 ml HC1 saturated ethyl acetate. The mixture 
was stirred at RT for 3 h. The solvent was removed in vacuo. 
The crude product was dissolved in ethanol followed by 
precipitation in diethyl ether affording JV25 (45 mg; 36 %) 
as a white solid. Mp : 170-173°C. 

X H 3HR (CDCI3) 5 7.17-7.07 (m, 4H, Ph-H) , 6.83 (d, 2H, Ph-H, 
Phe), 6.72 (d, 2H, Ph-H, Mel), 4.68-4.61 (m, 1H, a-CH, Phe), 
4.13 (q, 2H, CH 2 CH 3 ) , 3.99-3.94 (m, 1H, a-CH, Mel), 3.77-3.59 
(m, 11H, OCH 3 and CH 2 -mustard) , 3.17-2.82 (m, 4H, CH 2 -Ph) , 
1.19 (t, 3H, CH 2 CH 3 ) . 

13 C NMR (CDCI3) 5 171.11, 168.41 (C=0 in amide and ester), 
158.91 (C-4^) , 146.10 (C-4"), 130.44 (2 C:s), 129.94 (2 C:s) 
(Ph and C-3"), 128.38 (Ph) , 122.18 (C-l") , 113.67 (2 C:s) 
(Ph) , 112.18 (.2 C:s) (C-2~), 61.19 (CH 2 CH 3 ), 54.45, 54.37, 
54.29 (a-CH and OCH 3 ) , 52.99 (2 C:s) (N-CH 2 ), 40.31 (2 C:S) 
{CH 2 -C1), 36.34, 36.29 (CH 2 -Ph), 13.14 (CH 2 CH 3 ) . 
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Example 6. L-Melphalanyl-L-p-nitrophenylalanine ethyl ester 
hydrochloride (JV2 6) 

N- t er t - But oxyc arbonyl -L-p- ni t r ophenyl al anine (395 
mg; 1.2 7 mmol) was dissolved in HC1 saturated ethanol (2 0 
5 ml) . The solution was heated at reflux for 2 0 h. The mixture 
was partitioned between CHC1 3 and 1M HC1 (pH 4) . The aqueous 
layer was basified with 5 % KOH to pH 10 and was then 
extracted four times with CHC1 3 . The organic layers were 
combined, dried (MgSOj , filtered, and concentrated in vacuo 
10 to afford L-p-nitrophenylalanine ethyl ester as a thin 

• yellowish oil (195 mg; 65 %) that was used in the next step 
without further purification. 

'H NMR (CDC1 3 ) 5 8.14 (d, 2H, Ph-H) , 7.37 (d, 2H, Ph-H) , 4.14 
(q, 2H, CH 2 CH 3 ) , 3.71 (t, 1H, a-CH) , 3.16-2.91 (m, 2H f CH 2 - 
15 Ph) , 1.22 (t, 3H # CH 2 CH 3 ) . 

N-tert- But oxy carbony 1 - L -melphal an (86 mg; 0.21 

■ 

mmol) was dissolved in dichlorome thane (3 ml) . PyBOP (115 mg; 
0.22 mmol) and triethylamine (58 /xl; 0.42 mmol) were added. 
After stirring at RT for 3 0 minutes a solution of 

20 triethylamine (29 /xl; 0.21 mmol) and L-p-nitrophenylalanine 
ethyl ester (55 mg; 0.23 mmol) in 3 ml dichloromethane was 
added. The solution was stirred at RT over night. 
Dichloromethane was added up to a total volume of 10 ml 
before extraction with 10 mL saturated aqueous NaHC0 3 and 10 

25 ml 10 % citric acid. The organic layer was dried (MgS0 4 ) , 
filtered and concentrated in vacuo. The crude product was 
purified twice by flash column chromatography on silica using 
CHCl 3 :MeOH (9:1 and 19:1) as eluent, to yield pure N-tert- 

* a " 

butoxycarbonyl-L-melphalanyl-L-p-nitrophenylalanine ethyl 
30 ester as a light yellow solid (90 mg; 69 %) . Mp 152^155°C. 

X H NMR (CDCI3) 5 8.09-8.02 (m, 2H, Ph-H, Phe) , 7/21-^7.01 (m, 
4H, Ph-H), 6.57 (d, 2H, Ph-H, Mel), 6.50-6.44 (m, 1H, NH, 
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Phe) , 4.92 (br s, 1H, NH, Mel), 4.77 (br s, 1H, a-CH, Phe) , 
4.25 (br s, 1H, a-CH, Mel), 4.11 (q, 2H, CH 2 CH 3 ) , 3.70-3.53 
(m, 8H, CH 2 -mustard) , 3.25-3.10 (m, 2H, CH 2 -Ph, Phe), 2.97- 
2.84 (m, 2H, CH 2 -Ph, Mel) 1.40 (s, 9H, CH 3 -Boc ) , 1.19 (t, 3H, 

13 C NMR (CDCI3 ) 5 171. 31, 170.40 (C=0 in amide and ester), 
155.46 (C=0, Boc), 147.14 (Ph.), 145.10 (C-4") , 143.85 (Ph) , 
130.68 (2 C:s), 130.41(2 C:s) (Ph and C-3"), 125.21 (C-l") , 
123.62 (2 C:s) (Ph) , 112.40 (2 C:s) (C-2^), 80.45 (C-Boc) , 
61.95 (CH 2 CH 3 ) , 55 .98 (a-CH), 53.54 (2 C:s) (N-CH 2 ) , 53.03 (a- 
Cff) , 40.46 (2 C:s) (CH 2 -C1) , 37.86, 37.00 CCH 2 -Ph) , 28.33 (3 
C:s) (CH 3 -Boc) , 14.20 (CH 2 CH 3 ) . 

N- tert -Butoxycarbonyl -L-melphalanyl ~L- p-nitro- 
phenylalanine ethyl ester (80 mg; 0.13 iranol) was dissolved in 
6 ml HC1 saturated ethyl acetate. The mixture was stirred at 
RT for 1.5 h. The solvent was removed in vacuo. The crude 
product was dissolved in ethanol followed by precipitation in 
diethyl ether to afford JV26 (55 mg; 76 %) as a light orange 
solid. Mp: 138-142°C. 

'H NMR (CDCI3) 5 8.20-8.06 (m, 2H, Ph-H, Phe), 7.52-7.33 (m, 
2H, Ph-H, Phe), 7.17-6.85 (m, 2H, Ph-H, Mel), 6.77-6.60 (m, 
2H, Ph-H, Mel), 4.16 (q, 2H, CH 2 .CH 3 ) , 4.00-3.94 (m, 1H, a-CH, 
Mel), 3.79-3.54 (m, 8H, CH 2 -mustard) , 3.19-2.71 (m, 4H, CH 2 - 
Ph) , 1.21 (t, 3H, CH 2 CH 3 ) . 

13 C NMR (CDCI3) 5 170.46, 168.29 (C=0 in amide and ester), 
147.16 (Ph) , 145.61 (C-4'), 144.67 (Ph) , 130.96 (2 C:S), 
130.24 (2 C:s) (Ph and C-3"), 126.72 (C-l"), 123.26 (2 C:s) 
(Ph) , 115.45 (2 C:s) (0-2"), 61.53 (CH 2 CH 3 ) , 54.76, 54.08 (a- 
CH) , 53.54 (2 C:s) (N-CH 2 ) , 39.22 (2 C:s) (CH 2 -C1) , 36.75, 
36.33 (CH 2 -Ph)., 13.16 (CH 2 CH 3 ) . 
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Example 7. L-Melphalanyl-L-melphalan ethyl ester 
hydrochloride (JV27) 

N- fcert-Butoxycarbonyl~L-melphalan (35 mg; 86 /imol) 
was- dissolved in dichlorome thane (2 ml). PyBOP (43 mg; 83 
jumol) and triethylamine (23 jxl; 162 /xmol) were added. After 
stirring at RT for 3 0 minutes a solution of triethylamine (23 
jul; 162 jttmol) and L-melphalan ethyl ester hydrochloride (32 
mg; 87 /xmol) in 2 ml dichloromethane was added. The solution 
was stirred at RT over night, and more dichloromethane (up to 
10 ml) was added before extraction with 10 ml saturated 
aqueous NaHC0 3 and 10 ml 10 % citric acid. The organic layer 
was dried (MgS0 4 ) , filtered and concentrated In vacuo. 
Purification by column chromatography on silica using 
CHCl 3 :MeOH: heptane (4:1:7) and CHCl 3 :MeOH (19:1) as eluents 
gave pure N- fcert-butoxycarbonyl-L-melphalanyl -L-melphalan - 
ethyl ester as a brown gum (29 mg; 49 %) . 

X H MR (CDC1 3 ) 5 7.06 .(d, 2H, Ph-H) , 6.87 (d, 2H, Ph-H) , 
6.61-6.46 (m, 4H 7 Ph-H) , 6.24 (br s, 1H, NH) , 4.99 (br s 7 1H, 
NH) , 4.68 (br s, 1H, a-CH) , 4.25 (br s, 1H, a-CH) 7 4.12 (q 7 
2H, CH 2 CH 3 ) , 3.72-3.47 (m, 16H, CH 2 -mustard) 7 3 . 02-2.87 (m, 
4H 7 CH 2 -Ph) , 1.40 (s, 9H, CH 3 -Boc) ; 1.21 (t 7 3H 7 CH 2 CH 3 ) . 
13 C NMR ( GDCI3 ) 5 171.16, 170.71 (C=0 in amide and ester), 
154*87 (0=0, Boc) , 145.19 (2 C:s) (C-4^ and 130.79 (2 

C:s) , 130.68 (2 C:s) (C-3" and C-3~), 125. 08 7 124.33 (C-1% 
C-l") , 112.30 (2 C:s) 7 112.04 (2 C:s) (C-2" and C-2"**), 
79.65 (C-Boc), 61.50 (CH 2 CH 3 ) 7 55 . 83 (a-CH) 7 53 .57 (2 C:s) " 
(N-CH 2 ) 7 53 . 53 (a-CH) 7 40.55, 40.47 (CH 2 -C1) 7 37.04, 36.98 
(CH 2 -Ph) , 28.36 (3 C:s) (CH 3 -Boc) 7 14.24 (CH 2 CH 3 ) . 

IV- 1 ert - But oxyc arbonyl - L - me lphalanyl - L - me lphal an 
ethyl ester (2 0 mg; 2 8 /xmol) was dissolved in 3 ml HC1 
saturated ethyl acetate. The mixture was stirred at RT for 
1.5 h. The solvent was removed In -vacuo. The crude product 
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was dissolved in ethanol followed by precipitation in diethyl 
ether to afford JV27 (11. mg; 62 %) as a light brown solid. 
Mp: 157-160°C. 

X H 3SMR (CDC1 3 ) 5 7.19-7.01 (m, 4H, Ph-H) , 6.80-6.63 (m, 4H, 
5 Ph-H), 4.66-4.61 (m, 1H, a-CH) , 4.13 (q, 2H, CH 2 CH 3 ) , 4.02- 

3.96 (m, 1H, a-CH), 3.83-3.54 (m, 16H, 8 CH 2 -mustard) , 3.18- 
2.81 (m, 4H, CH 2 -Ph) , 1.17 (t # 3H, CH 2 CH 3 ) . 

Example 8 . L-Melphalanyl-L-p-f luor ©phenylalanine isopropyl 
10 ester hydrochloride (JV28) 

L-p-Fluorophenylalanine (266 mg, 1.45 mmol) was 
dissolved in HC1 saturated isopropanol (10 ml) . The solution 
was heated at reflux for 2.5 h. The solvent was evaporated to 
yield the product as a white cottonlike solid (350 mg, 91 %) . 
15 The product was used in the next step without further 
purification. Mp 226-229°C. 

X H NMR (CD3OD) 5 7.31-7.23 (m, 2H, Ph-H), 7.12-7.03 (m, 2H, 
Ph-H), 5.10-5.00 (m, 1H, CH- isopropyl ) , 4.22 (t, 1H, a-CH), 
3.22-3.11 (m, 2H, CH 2 -Ph) , 1.25" (d, 3H, CH 3 - isopropyl) , 1.18 

20 (d, 3H, CH 3 - isopropyl) . 

N~ tert- But oxy carbonyl - L - me lphal an (52 mg; 0.13 
iranol) was dissolved in dichloromethane (2 ml) . PyBOP (71 mg, 
0.14 mmol ) and triethyl amine (3 8 fil ; 0.2 7 mmol) were added. 
After stirring at RT for 3 0 minutes a solution of 

25 trie thy lamine (3 8 fj.1; 0.2 7 mmol) and L-p-f luorophenylalanine 
isopropyl ester (39 mg; 0.15 mmol) in 2 ml dichloromethane 
was added. The solution was stirred at RT over night. 
Dichloromethane was added up to a total volume of 10 ml 
before extraction with 10 ml saturated aqueous .NaHC0 3 and 10 

30 m 10 % citric a,cid. The organic layer was dried (MgS0 4 ) , 

filtered and concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica using 
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CHCl 3 :MeOH (19:1) as eluent, to yield pure N-tert- 
butoxycarbonyl-L-melphalanyl-L-p-f luorophenylalanine 
isopropyl ester as a weakly orange semisolid (57 mg; 71 %) . 
1 H NMR (CDC1 3 ) 5 7.06-6. 85 (m, 6H, Ph-H), 6.56 (d, 2H, Ph-H, 
Mel), 6.40 (br s, 1H, NH, Phe) , 5.00-4.85 (m, 2H, CH- 
isopropyl, Nil, Mel), 4.68 (br s, 1H, a-CH, Phe) , 4.27 (br s, 
1H, a-CH, Mel), 3.69-3.52 (m, 8H, CH 2 -mustard) , 3.02-2.85 (m, 
4H, CH 2 -Ph) , 1.37 (s, 9H, CH 3 -Boc) , 1.18 (d, 3H, CH 3 - 
isopropyl) , 1.14 (d, 3H, CH 3 - i sopropyl ) . 

13 C NMR ( CDCI3 ) 5 171.00, 170.43 (C=0 in amide and ester), 
161.95 (d, J =245.0 Hz, C-4"**); 155.35 (C=0, Boc) , 145.12 (C- 
4"), 131.60 (C-l~), 130.99 (2 C:s) (d, J" =7 . 75 Hz, C-2~), 
130.72 (2 C:s) (C-3"), 125.26 (C-l"), 115.29 (2 C:s) (d, J 
=20.6 Hz, C-3~), 112.27 (2 C:s) (C-2"), 80.24 (C-Boc), 69.52 
( CH- isopropyl ) , 55.82 (a-CH), 53.53 (2 C:s) (N-CH 2 ) , 53.40 
(a-CH), 40.48 (2 C:s) (CH 2 -C1), 37.29 (2 C:s) (CH 2 -Ph) , 28.33 
(3 C:s) (CH3-B0C), 21.81, 21.73 ( CH 3 -i sopropyl ) . 

I\T~ fcert-Butoxycarbonyl-L-melphalanyl-L-p-f luoro- 
phenylalanine isopropyl ester (48 mg; 79 /xmol) was dissolved 
in 4 ml HC1 saturated ethyl acetate . The mixture was stirred 
at RT for 3 0 minutes. The solvent was removed In vacuo. The 
crude product was dissolved in ethanol followed by 
precipitation in diethyl ether to afford JV28 (22 mg; 50 %) 
as a white solid. Mp: 192-195°C. 

X H NMR (CDCI3) 5 7.28-7.17 (m, 2H, Ph-H, Phe), 7.14 (d, 2H, 
Ph-H, Phe), 7.04-6.96 (m, 2H, Ph-H, Mel), 6.76-6.67 (m, 2H, 
Ph-H, Mel), 4.68-4.60 (m, 1H, a-CH, Phe), 4.00-3.93 (m, 1H, 
a-CH, Mel), 3.76-3.58 (m, 8H, CH 2 -mustard) , 3.18-2.80 (m, 4H, 
CH 2 -Ph) , 1.24 (d, 3H, CH 3 -i sopropyl ) , 1.15 (d, 3H, CH 3 - 
i sopropyl) . 

13 C NMR (CDCI3) 5 170.49, 168.42 (C=0 in amide and ester), 
162.06 (d, J = 242.4 Hz, C-4"), 146.13 (C-4"), 132.48 (C- 
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130.72 (2 C:s) (d, J~ = 7.64 Hz, C-2**"*), 130.40 (2 C:s) 
(C-3^), 122.10 (C-l") , 114-87 (2 C:s)'(d, J* = 21.2 Hz, C- 
3""), 112.45 (2 C:s)-(C-2"), 69.27 . ( CH- isopropyl) , 54.28 (2 
C:s)- (a-CH), 52.97 (2 C:s) (N-CH 2 ) , 40.26 (2 C:s) (CH 2 -C1) f 
5 36.31 (2 C:s) (CH 2 -Ph) , 20.70, 20.56 ( CH 3 - isopropyl ) . 

Example 9 . L-Melphalanyl~L-p-aminophenylalanine ethyl ester 
hydrochloride (JV2 9) 

N- 1 ert - But oxycarbonyl - L -p-nitrophenyl alanine (510 
10 mg; 1.64 mmol) was dissolved in 80 % ethanol (12.5 ml). A 
• solution of CaCl 2 (150 mg.; 1.35 mmol) in water (1 ml) was 
added together with powdered zinc (3.79 g; 58 mmol) . After 
heating at reflux for 3.5 h the suspension was filtered and 
the zinc powder was rinsed with excess ethanol . The filtrate 
15 was concentrated In vacuo to afford. 600 mg (130 %) of N~tert- 

* 

butoxycarbonyl-L-p-aminophenylalanine as a light yellow solid 
which still contained some ethanol . The product was used in 
the next step without further purification. 
1 H NMR (CD 3 0D) 5 6. 96 (d, 2H, Ph-H) , 6.63 (d, 2H, Ph-H) , 

20 4.16-4.07 (m, 1H, a-CH) , 3.05-2.76 (m, 2H, CH 2 -Ph) , 1.38 (s, 
9H, CH 3 -Boc) . 

N- 1 ert - But oxycarbonyl ~L-p- aminopheny 1 alanine (201 
mg; 0.72 mmol) was dissolved in HCl saturated ethanol (10 
ml) . The solution was heated at reflux for 3 h. The mixture 

25 was partitioned between CHC1 3 and 1M HCl (pH 4) . The aqueous 
layer was basified with 5 % KOH to pH 10 and was then 
extracted four times with CHC1 3 . The organic layers were 
combined, dried (MgSOj , filtered, and concentrated in vacuo 
to afford L-p- aminopheny 1 alanine ethyl ester as a yellowish 

30 oil (90 mg; 60 %) which was used in the next step without 
further purification. 
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X H NMR (CDC1 3 ) 5 6. 97 (d, 2H, Ph-fl) f 6.61 (d, 2H, Ph-£T) , 4.13 
(q, 2H, CH2CH 3 ) , 3.71 (t, 1H, CC-CH) , 3.04-2.78 (m, 2H, CH 2 - 
Ph) , 1.23 (t, 3H, CH 2 CH 3 ) . 

N~ tert-Butoxycarbonyl-L- me lphal an, (44 mg; 0.11 
mmol) was dissolved in dichlorome thane (2 ml) . PyBOP (55 mg; 
0.11 mmol) and tri ethyl amine (2 8 jtil; 0.2 0 mmol) were added. 
After stirring at RT for 3 0 minutes a solution of 
triethylamine (14 jjlI; 0,10 mmol) and L-p-aminophenylalanine 
ethyl ester (21 mg; 0.10 mmol) in 2 ml dichl or ome thane was 
added. The solution was stirred at RT over night. 
Dichloromethane was added up to a total volume of 10 ml 
before extraction with 10 ml saturated aqueous NaHC0 3 and 10 
ml 10 % citric acid. The organic layer was dried (MgS0 4 ) , 
filtered and concentrated in vacuo. The crude product was 
purified twice by flash column chromatography on silica using 
CHC1 3 : MeOH (9:1 and 19:1) as eluents, to afford N-tert- 

» 

but oxy carbony 1 - L - me lphal any 1 ~L~p- aminopheny 1 al anine e thy 1 
ester as a brown-orange oil (28 mg; 47 %) . 

X H NMR (CDC1 3 ) 5 7.03 (d, 2H, Ph-H, Mel), 6.75 (d, 2H, Ph-H, 
Phe) , 6.59-6.52 (m, 4H, Ph-H) , 6.26 (br s, 1H 7 NH, Phe) , 4.96 
(br s, 1H, NH, Mel), 4.68 (br s, 1H, a-CH, Phe), 4.26 (br s, 
1H, a-CH, Mel), 4.10 (q, 2H, CH 2 CH 3 ) , 3.70-3.53 (m, 8H, CH 2 - 
mustard) , 2.97-2,88 (m, 4H, CH 2 -Ph) , 1.38 (s, 9H, CH 3 -Boc) , 
1.19 (t, 3H, CH 2 CH 3 ) . 

13 C NMR (CDC1 3 ) 5 171.21, 170.83 (C=0 in amide and ester), 
145.37, 144.96 (C-4", C-4"), 130.78 (3 C:s), 130.21 (2 C:s) 
(Ph and C-3"), 125.37 (C-l') , 115.22 (2 C:s) (Ph) , 112.26 (2 
C:s) (C-2') , 80.09 (C-Boc), 61.42 (CH 2 CH 3 ) , 55.61 (a-CH), 
53.56 (2 C:s) (N-CH 2 ), 53.48 (a-CH), 40.56 (2 C:s) (CH 2 -Cl) , 
37.37, 37.17 (CH 2 -Ph) 28.34 (3 C:s) (CH 3 -Boc) , 14.21 
( CH 2 CH 3 ) . 



WO 01/96367 PCT7SE01/01318 

N~tert- But oxy carbony 1 -L-me lphal any 1 -L-p- amino - 
phenylalanine ethyl ester (20 mg; 34 jumol) was dissolved in 3 
ml HC1 saturated ethyl acetate. The mixture was stirred at RT 
for 3 0 minutes. The solvent was removed in vacuo. The crude 
product was dissolved in ethanol followed by precipitation in 

■ 

diethyl ether to afford JV29 (4 mg; 22 %) as a light brown- 
solid. 

1 H NMR (CDC1 3 ) 5 7 .46-7.29 (m, 4H, Ph-H, Phe) , 7.18-7.07 (m, 
2H, Ph-H, Mel), 6.78-6.66 (m, 2H, Ph-H, Mel), 4.73-4.66 (m, 
1H, a-CH, Phe), 4.10 (q, 2H, CH 2 CH 3 ) , 4.06-3.99 (m, 1H, a-CH, 
Mel), 3.79-3-56 (m, 8H, CH 2 -mustard) , 3,22-2.83 (m, 4H, CH 2 - 
Ph) , 1.15 (t, 3H, CH 2 CH 3 ) . 

Example 10. L - Me lphal any 1 -D -phenylalanine ethyl ester (T4) 

D- Phenylalanine (250 mg, 1.52 mmol) was dissolved 
in 5 ml EtOH previously bubbled in HC1 (gas) . The solution 

was brought to 100°C and allowed to reflux overnight. The 
solvent was evaporated off affording 280 mg crude product. 
Recrystallization from EtOH/EtOAc/pentane gave 23 9 mg (81 % 
yield) of D- phenyl alanine ethyl ester as white crystals. 
X H NMR (GD3OD) 5 7.4-7.22 (m, 5H, Ph-H), 4.31-4.14 (m, 3H, . 

CH 2 CH 3 , a-H) , 3 .35-3.08 (m, 2H, CH 2 -Ph) , 1.25-1.20 (t, 3H, 
CH 2 CH 3 ) • 

N- 1 ort - But oxy carbonyl - L -me lphal an (65 mg, 0.16 
mmol), D-phenylalanine ethyl ester (53 mg, 0.23 mmol), HOBT 
(32 mg, 0.24 mmol), and NMM (25 0.23 mmol) were dissolved 

in 4 ml dichloromethane . This solution was cooled to 0°C and 
EDC (44 mg, 0.23 mmol) was added. The solution was stirred 
for 0.5 h at 0°G and then for 3 h at RT. The reaction mixture 
was then diluted to 2 0 ml with dichloromethane and the 
reaction stopped by successive extractions with 10% aqueous 
citric acid (25 ml), saturated NaHCO a (25 ml) and brine (25 
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ml) . The organic phase was then dried over anhydrous Na 2 S0 4 
and the solvent evaporated off under reduced pressure to give 
60 mg of a yellow oil. The crude product was then separated 
by flash chromatography using a gradient eluent system of 

ether :pentane (2:3 -> 1:1 -> 1:0). The pure fractions were 
collected and the solvent evaporated off to afford 25 mg (2 5 
% ) of N~tert- but oxy c arbony 1 - L - me lphal any 1 - D - phenyl al anine 
ethyl ester as white crystals . 

N- tert-Butoxycarbonyl-L-melphalanyl-D-phenylalanine 
ethyl ester (90 mg, 0.16 mmol) was dissolved in 5 ml EtOAc 
previously bubbled with HC1 (gas) . The mixture was stirred' at 
RT for 3 0 minutes. The solvent was removed in vacuo. The 
residue was recrystallized from EtOH/Et 2 0. L-Melphalanyl-D- 
phenylalanine ethyl ester hydrochloride (T4) was isolated as 
white crystals in 62 % yield (46 mg) . 

Comparative Example . N- Acetyl -L-melphalanyl-L-p- £ luorophenyl - 
alanine ethyl ester (AcJT) 

L - Me lphal anyl -L-p- f luorophenyl al anine ethyl ester 
hydrochloride (10 mg, 0.019 mmol), was dissolved in 
dichl or ome thane (0.5 ml) and pyridine (4 pi, 0.044 mmol) was 
added. Acetic anhydride (2 . ]iL, 0.22 mmol) was added and the 
mixture was stirred for 1 h at RT. More pyridine (2 yil, 0.022 
mmol) and acetic anhydride (2 .pi, 0.22 mmol) were added and a 
clear solution was obtained after stirring for one hour. The 
solution was extracted with 10 % aqueous citric acid and 
brine. The organic phase was dried over anhydrous Na 2 S0 4 and 
the solvent evaporated off under reduced pressure. The solid 
residue was recrystallized in EtOH/diethyl ether to afford 
AcJl as white crystals. 

1 H NMR: (CDC1 3 ) S 7.09-6.90 (m, 6H, Ph-H, Phe, Mel), 6.60 (d, 
2H, Ph-H, Mel), 6.25 (br d, 1H, NH) , 6.04 (br d, 1H, NH) , 
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4.73 (dd, lH f a-CH), 4.55 (dd, 1H, a-CH) , 4.14 (q, 2H; 
C2? 2 CH 3 ) , 3.76-3.58 (m, 8K f CH 2 -mustard ) # 3.12-2.88 (m, 4H, 
CH 2 -Ph) , 1.98 (s, 3H, CH 3 CO) , 1.22 (t, 3H, CH 2 CH 3 ) . 

BIOLOGICAL TESTS 

In the following tests the cytostatic activity of 
the peptides of the invention was analysed and compared to 
the activity of melphalan (as the hydrochloride, Alkeran 
injection substance, Glaxo Wellcome) , P2 (L-prolyl-m-L- 
sarcolysyl-p-L-f luor ©phenylalanine ethyl ester hydrochloride; 
from Istituto Sieroterapico * Milanese, Milan, Italy), 
sarcolysine (Istituto Sieroterapico Milanese, Milan, Italy) 
and a number of standard drugs in different primary cultures 
of human tumor cells from patients (PHTC) and human tumor 
cell lines . The standard drugs tested were AraC (Cytosar) , 5- 
FU (Flurablastin) and doxorubicin (Adramycin) from Pharmacia 
& Upjohn, vincristine (Oncovin) and vinorelbine (Navelbine) 
from Pierre Fabre, docetaxel (Taxotere) from Rhone Poulenc 
Rorer, cisplatin (Platinol) and etoposide (Vepesid) from 
Bristol-Myers Squibb, and topotecan from SmithKline Beecham. 

The fluorometric microculture cytotoxicity assay 
(FMCA) (Larsson, R. , et al- 1992: Int J Cancer, 50, 177-185) 
was used to evaluate the compounds. Briefly, 96-well 
microtiter plates (NUNC, Roskilde, Denmark) are prepared with 
2 0 Jul drug solution at ten times the desired concentration 
and stored for up to two months at -70°C. In general the 
substances are first dissolved in absolute or acidic ethanol 
to concentrations of 4.0 to 8.2 mM and further diluted with 
sterile water or sterile phosphate buffered saline (PBS, 
Sigma chemicals) . All dilutions with water are made directly 
before the experiments to minimise the influence of mustard 
hydrolysis. Final ethanol concentrations do not exceed 1 % 
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v/v. At day zero of the experiment 18 0 \il of cell suspension 
of adequate concentration is added to the wells of the thawed 
plate, six wells serve as controls (cell suspension only) and 
six wells as blanks (cell medium only) . Af.ter 72 hours 

5 incubation the cells are washed once with PBS, and 10 0 ji.1 of 

fluorescein diacetate (10 (J,g/ml) in a physiological buffer is 
added. After another 45 min the generated fluorescence (ex 
485 rim; em 528 nm) is measured in a 96-well scanning 
fluorometer (Fluoroscan II, Labsystems Oy, Helsinki, 
10 Finland) . The generated fluorescence is proportional to the 
number of living cells, and data are presented as survival 
index (fluorescence in test well in percent of control wells 
with blank values subtracted) and IG50 (inhibitory 
concentration 50 %, as calculated by the software GraphPad 

15 Prism® (Graphpad Software Inc., San Diego, CA, USA) ) . Quality 
criteria for a successful assay include a coefficient of 
variation less than 3 0 % in blank (six wells) , control (six 
wells) and test wells (three) respectively, a control signal 
more than ten times the blank and finally an initial cell 

20 viability of more than 7 0 % (primary human tumour cultures) 
or 9U ^ ( c £5 ZL 1 lines) as judged by the trypan blue exclusion 
test. 

Fluorescein diacetate (FDA, Sigma) was dissolved in 
DMSO to 10 mg/ml and kept frozen as a stock solution in the 

25 dark. Cell growth medium RPMI-1640 (Sigma) supplemented with 
10 % heat -inactivated fetal calf serum (PCS, Sigma chemical 
Co., St. Louis, MO), 2 mM glut amine , 100 jug/ml streptomycin, 
and 100 fig /ml penicillin, was used. 

Much work with FMCA has focused on prediction of 

30 clinical activity of anticancer drugs for individual 

patients. The predictive ability of this assay for this 
application has been shown to be comparable to that of many 
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other clinically accepted test procedures with sensitivity 
and specificity in the range of 8 0-90, and 6 0-70, 
respectively. 

Test 1. Cytotoxic activity in fresh human ttuaour specimens 

The cytotoxic activity of melphalan, P2 (L-prolyl- 
m-L-sarcolysyl-p-L-f luor ©phenylalanine ethyl ester 
hydrochloride) and Jl (L-melphalanyl-p-L-f luorophenyl alanine 
ethyl ester hydrochloride) on human tumour samples was 
compared using the fluorometric microculture cytotoxicity 
assay (FMCA) . Each drug was tested in six concentrations 
ranging from 82 to 0.131 p,M, each concentration in 
triplicate . 

In total twenty- seven fresh human tumour specimens 
were analysed, these were of different origin: fourteen 
hematological (of which at least five were previously treated 
with cytotoxic drugs in the clinic) and thirteen solid tumour 
(five previously treated) samples were analysed. 
Concentration- response curves were plotted and the IC50s were 
determined. The results are presented in Figure 2, wherein 
the diagonal solid lines represent equipotency, and dots 
above this line favour the drug on the x-axis and vice versa. 
The result shows that Jl in all cases was more active than 
P2, which in turn was more active than melphalan. 

Using the same FMCA assay the cytotoxic activity of 
melphalan, P2 and Jl was again tested, this time on in total 
sixty-four fresh human tumour specimens. The tumours were of 
different origin: forty- two hematological and twenty- two 
solid tumour samples were analysed. In parallel the activity 
of some clinically well known and used standard substances 
was assayed at concentrations of from 0.92 to 10.3 \M. The 
standard drugs were araC, vincristine, vinorelbine, 



WO 01/96367 



PCT/SE01/01318 



docetaxel, cisplatin, doxorubicin, and etoposide. A 
comparison of the activities is presented as survival index 
at a defined concentration in Table 1 below, Jl shows a 
superior activity at 0.66 jaM . 
5 Table 1. Activity of Jl, melphalan, P2 and. standard 

drugs in PHTC 



Drug 


Concentration 


Tumour cell survival index % 
Hematological Solid 
(n=42) (n=22) 


0*1 


0 . 66 


13 . 7 


46 . 9 


Melphalan' 


3 .3 


41 


88 . 8 


P2 


0 . 66 


34.7 


86 . 0 


AraC 


10.3 




102 


Vincristine 


3 . 0 


39 


93 


Vinorelbine 


3.1 


50 


73 


Docetaxel 


6.2 

« 




67 


Cisplatin 


6 . 7 


63 


79 


Doxorub i c in 


0 .92 


29 


97 


Etoposide 


8.5 


47 


81 



Test 2. Cytotoxic activity in a panel of ten human tumour 
10 cell lines 

The cytotoxic activity of nine different peptides 
of the invention (prepared in Examples 1-9) was compared with 
melphalan , P2 (L-prolyl -m-L- sarcolysyl -p-L~ f luorophenyl - 
alanine ethyl ester hydrochloride) , sarcolysine, and the 
15 . standard drugs doxorubicin, vincristine, cisplatin, 5-Fu, and 
topotecan in ten cell lines using the FMCA method. Each drug 
was tested in six concentrations ranging from 40 to 0.013 p,M 
(melphalan from 1.6 mM to 0.51 fiM) , and each concentration in 
duplicate. The experiment was repeated three- times and all 
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survival data were then used to calculate IC5 0 for each drug 
on each cell line . 

The selection of cells in the cell line panel has 
been described earlier (Dhar, S., et al. 1996: Br 0" Cancer, 
5 74, 888-896) . Four parental lines of different origin 

(lymphoma U-93 7 GBT; myeloma RPMI 822 6; small cell lung 
cancer NCI-H69; and leukemia CCRF-CEM). , five sublines 
selected for various drugs, and one primary resistant cell 
line (renal carcinoma ACHN) was included. The subline U-937- 
10 vcr is selected for vincristine resistance, subline 8226Dox4 0 
and H69AR for doxorubicin resistance, subline 822 6LR5 for 
melphalan resistance. The cell line growth and morphology 
were monitored on a weekly basis, resistance every two or 
three months . 

15 The results are presented in Table 2 and show that 

the cytotoxic activity varies among the peptides and compare 
favourably with melphalan, m-L- sarcolysine and P2 . In 
addition some of the peptides show higher activities on 
certain cell lines than some of the tested standard 

20 chemotherapeutic substances . 



25 



30 
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Test 3. Cytotoxic activity of Jl in lung cancer cell lines 

Jl was also tested against a panel of lung cancer 
cell lines and compared with melphalan and some standard 
chemotherapeutic agents using the FMCA. In total four small 
cell lung cancer cell lines (U-1906 L and E, U-12 85, and U- 
16 90) and seven non-small cell lung cancer cell lines (NCI- 
H23, U-1752, NCI-H611, NCI-H157, U-1810, NCI-H125 and U-1568) 
were analyzed. The results are presented in Table 3. 

Table 3. Cytotoxic activity in lung cell cancer 
lines, IC5 0 (pM) 



Cell line 


Jl 


Mel- 
phalan 


Cis- 
platin 


Doxo- 
rubicin 


Doce- 
taxel 


Topo- 
tecan 


NCI-H23 


7 . 6 


125 


11 . 6 


0.14 


1.5 


5 . 84 


U-1752 


1.3 


39.3 


11. 7 


0 .42 


0 .46 


28.0 


NCI-H611 


3 . 17 


78 .3 


50 . 7 


183 


1.1 


236 


NCI-H157 


3.9 , 


125 


27.0 


0.2 


0.1 


4 . 33 


U-1810 


0 . 01 


1 . 0 


10.3 


22 . 8 


0.1 


0 . 08 


NCI-H125 


9 . 73 


85 .2 


7 . 0 


0 . 5 


0.16 


236 


U-1568 


1 . 64 


34 . 7 


23 .4 


183 


5.94 


115 


U1906L 


0 .22 


36 . 7 


12 .2 


0 . 92 


0.1 


0 . 12 


U1285 


0 . 04 


1. 97 


2.93 


0 . 52 


0.1 


0 . 17 


U-1906E 


1 . 17 


20 .9 


21.1 


0 . 44 


0.1 


0 . 08 


U1690 


1 .39 


12 .4 


6 .73 


2 .21 


7.7 


0 . 92 



The results show that Jl on a molar basis compares favourably 
with melphalan and most standard agents used in the clinical 
therapy of lung cancer and also shows an overall activity 
similar to that observed for docetaxel, a tubulin active drug 
which lately has been introduced into lung cancer therapy. 
Since Jl and other melphalan derivatives are non- cross 
resistant with taxanes (judged from correlation analysis of 
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the activity patterns) these two drug classes may form 
attractive treatment combinations. 

Test 4- Cytotoxic activity of J3 and JV2 3 in primary cultures 
of human tumor cells from patients (PHTC) 

In another set of experiments the activity of Jl, 
J3 and JV2 8 was compared with that of melphalan, sarcolysine 
and P2 in 31 PHTC cultures using the FMCA. The results are 
presented in Table 4. 



Table 4. Cytotoxic activity of drugs in PHTC 

Tumour cell survival index (%) 



Drug 


Cone . \iM 


Hematological 

tumours 

n=7-ll 


Solid 

tumours 

n=12-20 


Total 
n=19-31 


J3 


4 


7 


36.3 


25 . 9 


JV2 8 


4 

* 


6.7 


4 4 . 2 


30 . 4 


Jl 


4 


6 . 6 


56 . 5 


40 . 9 


Melphalan 


10 


47 . 6 


91. 0 


73 . 4 


Sarcolysine 


10 


47 . 1 


93.2 


76 . 2 


P2 


4 


7 


68 .9 


46 . 1 



The results show that J3 and JV28 were significantly (P<0.001 
Students t-test) more active against hematological PHTC 
samples than both melphalan and sarcolysine. J3 and iXV2 8 were 
also significantly (P<0.01) more active against solid tumor 
samples compared not only to melphalan and sarcolysine but 
also compared to P2 . The difference between Jl and melphalan 
as well as sarcolysine and P2 was statistically significant 
for both hematological and solid tumours. The results 
demonstrates an unexpectedly high activity of the new 
peptides against solid tumours as a group which was not 
shared by the reference compounds. 
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Test 5* Cytotoxic activity in different tumour models 

The tumour type specific spectrum of antitumour 
activity was analysed in cell lines and primary cultures of 
human tumour cells from patients. Although melphalan has been 
classified as active against all hematological diagnoses no 
activity, i.e. <50 % reduction in tumour cell survival, was 
observed against the solid -tumour types. J3, Jl and JV28, on 
the other hand, showed activity against several types of 
solid tumours including breast cancer, ovarian carcinoma and 
lung cancer. The difference in tumor type specific activity 
between Jl, J3 and JV 28 versus P2 is depicted in Table 5. 

Table 5. Cytotoxic activity in different tumour 

models 



Tumour cell 
system 


Number 

■ 


Median response at 4.0 
>50% reduction in tumour cell survival 


P2 


Jl 


J3 


JV2 8 


Ovarian 
carcinoma 


8 


No 


Yes 


Yes 


Yes 


Breast 
cancer 


4 


No 


Yes 


Yes 


Yes 


NSC Lung 
cancer 


8 


No 


Yes 


Yes 


Yes 


Prostate 
cancer 


1 


No 


not done 


Yes 


Yes 


Corpus 
cancer 


4 


No 


* 

No 


Yes 


not done 


Adeno - 
carcinoma 


5 


No • 


Yes 


Yes 


Yes 
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Whereas P2 was determined inactive in the listed diagnoses of 
Table 5, J3 was found active. Jl and JV2 8 were found to be 
active in most of these diagnoses . These data show that the 
tumour type specific spectrum of activity for Jl, J3 and G~V2 8 
5 is broader than for the reference compounds and includes 
important types of solid tumours . 

Test 6. Circumvention of melphalan resistance 

The ability to circumvent melphalan resistance was 

10 investigated in 2 7 PHTC samples from 9 patients with 

hematological and 18 patients with solid tumours. The samples 
were classified according to melphalan resistance based on 
FMCA test results , (Survival Index) from several hundred PHTC 
samples previously tested for melphalan. These data were used 

15 to establish cut-off lines to divide samples into three 
categories: Low, Intermediate or Extreme drug resistance 
(LDR, IDR and EDR, respectively) using the median value and 
median + 1 standard deviation from that database. Melphalan 
and the new compounds Jl, J3, and JV2 8 were subsequently 

20 classified into these groups. The classification of the 
melphalan resistance was performed according to the 
principles described by Larsson and Nygren, Anticancer 
Research 13; 1825-1830, 1993. The new peptides and P2 were 
tested at a concentration of 4 pM and melphalan at 10 /xM. The 

25 results of the study is presented in Table 6 below. 



30 
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Table 6. Circumvention of melphalan resistance 





Number of samples (%) 


LDR 


IDR 


EDR 


Total 


Melphalan 


8 (30%) 


10 (37%) 


9 (33%) 


27 


Jl 


13 (76%) 


3 (18%) 


1 (6%) 


17 


0*3 


23 (85%) 


4 (15%) 


0 (0%) 


27 


JV2 3 


14 (82%) 


2 (12%) 


1 (6%) 


17 


P2 


14 (74%) 


4 (21%) 


1 (5%) 


IS 



The results show that significantly fewer samples of the new 
peptides were classified as IDR and EDR indicating that these 
drugs have the ability to circumvent melphalan resistance. In 
this analysis it is assumed that at least half of the 
melphalan concentration may be reached in the clinical 
setting with the new peptides. 

Test 7 . Comparing the activity of Jl and Ac Jl 

In order to investigate the difference in activity 
between a compound having a free amino group at the N- 
terminus and the same compound having said amino group 
protected, the acetylated form of Jl was synthesised and the 
activity compared with Jl using the FMCA procedure described 
above on the U-937 and RPMI 8226S cell lines. The results 
showed a several-fold lower potency (higher IC50; 0.61 and 
2.9 \xM respectively) for the acetylated form compared to Jl 
having a free amine, indicating a preference for the latter 
form with respect to ant i tumour activity. 

CONCLUSIONS 

The overall results demonstrate a significantly 
higher activity of the new compounds constituting the 
invention compared to all reference compounds (melphalan, 
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sarcolysin and P2) . Furthermore the novel compounds also 
demonstrated a broader spectrum of tumour type specific 
activity compared to the reference compounds with documented 
activity observed for many solid tumour diagnoses. Since 
5 these compounds also show a similar or slightly better 

relative activity in malignant vs normal cells, judged by 
taking the ratio of IC50s obtained in malignant (chronic 
lymphocytic leukemias) over normal lymphocytes, the clinical 
potential of these new compounds must be considered to be 
10 high. 



4 
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CLAIMS 



10 



1. A di- or tripeptide having the formula I 




wherein R x is alkyloxy, cycloalkyloxy, aryloxy, arylalkyloxy / 
NH 2/ alkylamino, eye loalkyl amino or aryl amino ; 
R«2 i s 




•(Rs)n 



(IV) 



wherein R 3 is independently NH 2/ OH, O-alkyl, N-alkyl, O- 
acyl, NH-acyl, N (CH 2 CH 2 C1) 2 , N0 2/ F, CF 3 or H, and n is ' 1 or 2; 
15 X is 

O 

(II) 

wherein R 5 is H; 

R 4 is a natural or modified cyclic or aromatic amino acid, or 
20 H; as well as pharmaceutically acceptable salts thereof. 



25 
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2. A di- or tripeptide having the formula V 



10 



O 




(V) 

wherein R x is alkyloxy, cycloalkyloxy, aryloxy , arylalkyloxy, 
NH 2/ alkylamino, eye 1 oalky 1 amino or arylamino; 

R 3 is NH 2/ OH, O-alkyl, N-alkyl, O-acyl, NH-acyl, N (CH 2 CH 2 C1) 2 , 
N0 2/ F, CF 3 or H; and 

R 4 is a natural or modified cyclic or aromatic amino acid, or 
H; as well as pharmaceutically acceptable salts thereof. 



15 



3 . A peptide according to claim 1 or 2 for use as a 
medicament . 



4 . Use of a peptide according to claim 1 or 2 for the 
manufacture of a medicament for the treatment of malignant 
tumours . 



20 



5. A peptide according to claim 1 or 2, wherein R 3 is F. 



6. A peptide according to claim 2, wherein R 1 is alkyloxy; R, 
is F, CF 3 , H, OH, O-alkyl , N0 2 , N (CH 2 CH 2 C1 ) 2 , NH-acyl or NH 2 ; 
and R A is H. 
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7. A peptide according to claim 6, which, is L - me Iphal any 1 - p - 
L-f luoro -phenylalanine ethyl ester or a pharmaceutical ly 
acceptable salt thereof . 

5. 8. A peptide according to claim 6, which is L-melphalanyl-p- 
L-f luoro-phenylalanine isopropyl ester or a pharmaceutically 
acceptable salt thereof . 

9. A peptide according to claim 2, wherein R ± is alkyloxy; R 3 
10 is F, CF 3/ H, OH, O-alkyl, NH-acyl, N0 2/ N(CH 2 CH 2 C1) 2 or NH 2 ; 

and R 4 is a natural or modified cyclic or aromatic amino 
acid. 

10. A peptide according to claim 9, which is L-prolin-L- 
15 melphanalyl-p-f luorophenylalanine ethyl ester or a 

pharmaceutically acceptable salt thereof . 

11 . Pharmaceutical composition for the treatment of 
malignant tumours, characterised in comprising at least one 

20 peptide compound according to any one of claims 1, 2 or 5-10, 
together with at least one pharmaceutically acceptable 
carrier and/or excipient . 

12. Pharmaceutical composition according to claim 11, for the 
25 treatment of breast cancer, lung cancer, ovarian cancer, 

leukemias, lymphomas and multiple myeloma. 

13 . Method for the treatment of malignant tumours in a 
subject in need thereof, comprising administrating a 
30 pharmaceutically effective dose of a peptide compound 
according to any one of claims 1, 2 or 5-10. 
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